ABSTRACT Background: Obesity and other noncommunicable disease (NCD) risk factors are increasing in low-and middle-income countries. There are few data on the association between increased added sugar intake and NCD risk in these countries. Objective: We assessed the relation between added sugar intake and NCD risk factors in an African cohort study. Added sugars were defined as all monosaccharides and disaccharides added to foods and beverages during processing, cooking, and at the table. Design: We conducted a 5-y follow-up of a cohort of 2010 urban and rural men and women aged 30-70 y of age at recruitment in 2005 from the North West Province in South Africa. Results: Added sugar intake, particularly in rural areas, has increased rapidly in the past 5 y. In rural areas, the proportion of adults who consumed sucrose-sweetened beverages approximately doubled (for men, from 25% to 56%; for women, from 33% to 63%) in the past 5 y. After adjustment, subjects who consumed more added sugars ($10% energy from added sugars) compared with those who consumed less added sugars had a higher waist circum- Conclusions: This cohort showed dramatic increases in added sugars and sucrose-sweetened beverage consumption in both urban and rural areas. Increased consumption was associated with increased NCD risk factors. In addition, the study showed that the nutrition transition has reached a remote rural area in South Africa. Urgent action is needed to address these trends.
INTRODUCTION
Obesity, which has been recognized as a disease (1), is the major pandemic of our time (1) (2) (3) . The dramatic increase of obesity in middle-and low-income countries where many people still suffer from undernutrition has been documented (4, 5) . Obesity and its causative factors contribute to risks of death, morbidity, and accelerated ageing and increases in noncommunicable diseases (NCDs) 5 (1-5). A recent systematic review and meta-analysis of randomized controlled trials and cohort studies of dietary sugars and body weight concluded that free sugars or sugar-sweetened beverage consumption was positively associated with body weight, and the effect was primarily through changes in energy intake (6) . Few data are available from low-and middle-income countries on the relation between sugar intake and NCD risk factors. Free or added sugar intake in Southern Africa is not as high as in the United States, and at present, the major source of free sugars is in the form of table sugar; there has been evidence that the consumption of sugar-sweetened beverages is rising (7) .
With regard to the aggressive marketing of soft drinks (8, 9) , to the extent that taxing sugar-sweetened beverages has been suggested (10, 11) , there has been a focus on the contribution of liquid energy in the form of caloric (sugar)-sweetened beverages (sodas or soft drinks) to weight gain (12) and other health outcomes (13) (14) (15) (16) . Effects of sugar-sweetened beverages on weight gain or the replacement with nonnutritive sweetened beverages on weight loss occur throughout the life course in children (17) , adolescents (18) , and adults (19, 20) .
The WHO and FAO recommend that, for the prevention of NCDs, not .10% of total energy (TE) intake should be contributed by added (free) sugars (21) . Therefore, it is also important to assess the role of added sugars and soft drink consumption on the health of African populations.
We examined effects of added sugar consumption and the contribution of sucrose-sweetened soft drinks to sugar intake on health outcomes in an African cohort by comparing these outcomes in subjects who consumed ,10% or $10% of their TE as added sugars. The 10% cutoff was chosen on the basis of WHO/ FAO recommendations (21) .
The cohort consisted of urban and rural black South African volunteers in the North West Province who were followed up for 5 y in the Prospective Urban and Rural Epidemiology (PURE) South Africa study. The hypothesis was that NCD risk factors would be statistically significantly higher in subjects who consumed $10% of their energy from added sugars than in subjects who consumed ,10% of their energy from added sugars.
SUBJECTS AND METHODS

Study design and selection of participants
The main objective in recruiting subjects in the baseline survey in 2005 was to establish a South African cohort of subjects to participate in the PURE study, which is planned to run for 12 y to investigate the health transition on chronic diseases of lifestyle in urban and rural subjects around the world (22, 23) . The purpose was not to recruit a nationally representative sample but sufficient urban-and rural-dwelling subjects to assess differences in trends between urban-and rural-dwelling subjects. In the current study, rural areas were overrepresented compared with the contribution they made to the total population. Analyses presented here were based on a 5-y follow-up of the South African cohort.
Subjects were recruited from the following 4 settings: 2 rural and 2 urban setting with the view of recruiting 1000 urban and 1000 rural subjects. One rural community was identified 450 km northwest of Potchefstroom on the highway to Botswana; the second rural community was a deep rural community located 35 km east from the first community and was only accessible by a gravel road. Both of these rural communities are still under tribal law. The urban communities were selected from the established part of the township next to Potchefstroom and informal settlements that surrounded the township. A census regarding the number of people, their ages, and health profiles was done in 6000 households (1500 households in each of the 4 communities). Every head of a household gave signed consent to fill out the questionnaire. If a person refused or was not at home, the next house was taken, and a noncomplier questionnaire was filled out. From data obtained, a list of possible subjects who were aged between 30 and 70 y with no reported chronic diseases of lifestyle, tuberculosis, or HIV was made. Four thousand subjects were identified in this way and visited at their homes. The study was explained to subjects, and after giving voluntary and informed consent, an extensive questionnaire regarding their physical and psychological health, socioeconomic backgrounds, lifestyle practices, and support systems available were filled out. A total of 3750 questionnaires were completed. In August until the end of November 2005, an appointment with each person who completed the questionnaire was made, and these people were invited to join the research team for a blood sample to be drawn. All volunteers were picked up by a taxi and brought to the study center where they gave informed consent for the measurement of lung function, electrocardiography, and anthropometric measures and for urine, hair, and a blood samples to be taken. Subjects were asked to be in a fasted state for w10 h. Volunteers were tested for HIV but were given the choice whether they wanted to know their status or not. However, everyone received pretest counseling in groups of 10 persons before the blood sample was taken, and posttest counseling was done while giving the results on blood pressure, lung function, electrocardiography, and blood glucose to individuals before going home. Every individual identified with an abnormality regarding tested markers was referred to the nearest clinic or hospital.
A total of 2010 subjects were tested (w500 subjects/community) in 2005. In the 5-y follow-up survey conducted in 2010, 1233 subjects were remeasured and had data at baseline and the 5-y follow-up. Of subjects who were lost to follow-up (722 individuals), 30% of them had died, 26% of them had moved away, 31% of them refused further contact, and 13% of them were unable to be contacted. Fifty-five subjects were excluded from the follow-up analysis because their dietary data were deemed to be unreliable on the basis of reported energy intakes. Subject recruitment and follow-up are summarized in Figure 1 .
A post hoc calculation of the power for the present analysis showed that a difference of $0.5 units of BMI between subjects who consumed $10% or ,10% of TE from added sugars could be detected with 80% power at the 5% level of significance.
Measurements
Questionnaires
Structured demographic, socioeconomic, lifestyle, and physical activity questionnaires, which were standardized for the international PURE study and adapted for South Africa, were used (22) . All questionnaires and home visits were done by 16 intensively trained fieldworkers from the 4 different communities. A culture-sensitive, quantified food-frequency questionnaire (135 food items with additional elaboration of preparation details and different varieties where appropriate for each; eg, for carrots, there were 13 additional subquestions related to different ways carrots were used in these different communities), which was developed and validated for this population (24) (25) (26) and tested for validity (25) and reproducibility in the PURE study (27) , was used to obtain dietary intakes that covered the previous month. Participants estimated portion sizes by using a food-portion photograph book and other suitable tools (26) . Portion sizes, which were reported in household measures, were converted to weights by using standard tables (28) . Nutrient intakes were calculated by using the South African food-composition database (29) . The term "added sugars" was defined as in the South African food-composition tables (29) as all monosaccharides and disaccharides added to foods and beverages during processing, cooking, and at the table; these sugars included honey and jams as well as sugar added to beverages but not intrinsic sugars in fruit and milk. This definition differed from that recently recommended as "free" sugars (6) in that it did not include intrinsic sugars from unsweetened fruit juices. In South Africa, sucrose (table sugar) , not high-fructose corn syrup, is used to sweeten commercial beverages (soft drinks and carbonated drinks).
Anthropometric measures
Height, weight, hip circumference, and waist circumference (WC) were measured by using standardized procedures and calibrated instruments by anthropometrists accredited by the International Society for the Advancement of Kinanthropometry (30) .
Blood collection
Eight to 10-h fasting blood samples were collected from antebrachial vein branches by using a sterile winged-infusion set and syringes. Samples for plasma were stored on ice until processing, whereas samples for serum were allowed to clot at room temperature for 30 min. Collected plasma and serum samples were stored in aliquots in cryotubes at 2808C until analyzed.
Biochemical analyses
The analysis of serum cholesterol and HDL cholesterol was done by using 2 sequential multiple analyzers [Konelab 20i (Thermo Scientific] and Cobas Integra 400 Plus (Roche)].
HIV testing
Additional written informed consent to test for HIV infection was obtained from each volunteer after counseling. A rapid test was done according to the South African National Department of Health protocol by using the First Response HIV card test (PMC Medical). If a subject tested positive, the test result was confirmed with follow-up tests.
Feedback on results including HIV status was given by trained counselors during individual sessions. Participants with a positive HIV test were given a referral letter to their nearest clinic for a confirmation CD4 test and treatment.
Ethical considerations
The study was approved by the Ethics Committee of the NorthWest University (no. 04M10), and permission for the study obtained from the Provincial Department of Health, local government authorities, and tribal chiefs in rural communities. Volunteers gave written informed consent and received lunch on site after blood sampling. Subjects were transported to and from study sites.
Statistical analysis
SPSS software (version 21; SPSS Inc) was used. Data were checked for the normality of distributions. Subjects with reported energy intakes $30,000 or #3000 kJ were excluded. The percentage of TE from added sugar intake was used to divide subjects with ,10% (low) and $10% (high) of energy from added sugars. To explore the association between intakes of high compared with low added sugars and NCD risk factors, a regression analysis was used, which included the 2005 baseline of the risk factor, plus other potential confounding factors, as recommended by Vickers and Altman (31) . To explore the particular association between intake of sucrose-sweetened beverages and NCD risk factors, the same regression model was used but with the percentage of energy derived from sucrose-sweetened beverages as the exposure instead of high compared with low percentages of TE from added sugar. Because the study was not designed to derive population-prevalence estimates, no adjustment was made for the loss to follow-up in the analysis, but subjects lost to follow-up were compared with those who were followed up to assess for any potential bias.
RESULTS
Baseline demographic, anthropometric, and dietary data from 2005 for subjects who were followed up from 2005 to 2010 compared with baseline data in those who were lost to follow-up are shown in Table 1 . More than one-third of subjects who were followed up reported no formal education. Subjects lost to follow-up were more likely to be men, younger, and better educated than were those who were followed up. Energy intake and the percentage energy from added sugars were not significantly different between subjects lost to follow-up and those followed up. Because men have lower BMI in this population, and there were higher rates of loss to follow-up in men, the mean BMI was also lower in subjects lost to follow-up than those who were followed up. All subsequent analyses are presented only for those subjects who had baseline data in 2005 and were followed up with complete data in 2010. Mean (95% CI) dietary, anthropometric, and biochemical data at baseline and follow-up for subjects who had data at each time point broken down by sex and urbanization are shown in Table 2 . Urban men and women consumed more energy and added sugars than did their sex-specific rural counterparts. Over time, the average amount of added sugar consumption and proportion of energy from added sugars increased substantially in all groups. There were no significant differences in the baseline percentage of TE from amounts of added sugar between subjects followed up and those lost to follow-up in 2010 ( Table 1 ). The biggest changes were in rural areas for both men and women for whom the percentage energy from added sugars exceeded that in urban areas. Reported energy intakes were still lower in rural than urban areas for both men and women. Overall, the proportion of subjects who exceeded the recommended amount of 10% of energy from added sugars rose from 18% and 29% in 2005 (in men and women, respectively) to 40% and 46% in 2010 (in men and women, respectively). BMI and WC were higher in women than men and highest in urban women. Differences between urban and rural men were not significant for both BMI and WC. BMI and WC increased, on average, in all groups between 2005 and 2010. HDLs were highest in urban men and women and fell, on average, in all groups between 2005 and 2010. Added sugar intake was significantly positively correlated with BMI and WC and inversely related to HDL (data not presented).
Mean intakes of some selected foods and nutrients were compared for cohort participants who consumed ,10% with $10% of their TE as added sugars (mainly sucrose) ( Table 3) . Total dietary fiber intake was significantly higher in all groups with lower sugar consumption, and urban women consumed significantly more fruit and vitamin C. The contribution of sucrose-sweetened drinks to TE intake was significantly higher in rural men and urban women who consumed $10% of their energy as added sugars. In addition, as also shown in Table 3 , in 2010, 51% of rural men and 65% of urban men and only 22% of rural women and 40% of urban women consumed alcoholic beverages. Ethanol consumed (g/d) by alcohol consumers was compared between consumers of high and low added sugars. Ethanol intakes were substantially higher in low-added sugar consumers in both men and women. Men compared with women had higher intakes, and urban compared with rural women had much higher intake. An analysis adjusted for alcohol intakes showed that alcohol intakes made no significant difference to the effect of added sugars on HDL cholesterol (data not shown).
Changes in the proportion of subjects who consumed sucrosesweetened beverages from 2005 to 2010 as well as the average amounts of consumption in subjects who consumed these beverages are shown in Table 4 . The proportion of consumers doubled in rural areas from 2005 to 2010, whereas the proportion of consumers remained about the same or slightly fell in urban areas. In urban consumers, the average amount consumed more than doubled over time; the amount consumed also increased in rural areas but not by as much as in urban areas.
Selected health outcomes measured in 2010 for subjects with data for 2005 and 2010 (n = 1233) broken down by high-and low-added sugar consumers are compared in Table 5 . Groups who consumed $10% of energy as added sugars had a significantly higher mean WC and BMI and significantly lower serum HDL cholesterol than did those who consumed ,10% of TE from added sugar. The regression analysis, which shows the difference in measures between a high compared with low percentage of TE from added sugars on these risk factors adjusted for age, sex, educational level, and baseline of the risk factor, is also presented in Table 5 . Baseline BMI, WC, and HDL were all strong predictors of these variables measured 5 y later in 2010. For all 3 measures, subjects who consumed more added sugars had significantly greater WC and BMI and lower HDL cholesterol than did those who consumed less added sugars. When expressed as a percentage of energy derived from sucrose-sweetened beverages, the relation with risk factors was similar to that seen for the percentage of TE from added sugars, although not as strong and only significant for BMI ( Table 6 ).
DISCUSSION
First, the salient observation was the substantial increase, particularly in rural participants, of added sugar consumption (in real amounts and expressed as a percentage of TE) in this African population. Concomitant with this increase was the much larger volume of sucrose-sweetened beverage intakes, the doubling of rural subjects who consumed these beverages, as well as the higher contribution of these beverages to added sugar intakes in subjects who consumed $10% compared with ,10% of energy as added sugars. The second observation was that subjects who consumed ,10% compared with $10% of their energy as added sugars had a significantly lower WC and BMI. Lower-added sugar consumers also had higher HDL-cholesterol concentration than those of the higher-added sugar consumer group. Third, the data indicated that subjects who consumed ,10% of their energy as added sugars seemed to have had healthier diets as was seen with higher dietary fiber and vitamin C intakes (the latter in urban women). However, these subjects also consumed more alcohol.
Increases in added sugar and soft drink intakes
Steyn et al (32) showed consistently lower added sugar intakes in rural than urban South Africans. Our study provides evidence that mean intakes in rural adults have increased in 2010 to values that were actually higher than in urban areas in the earlier study of Steyn et al (32) . In the same year, the mean percentage of TE contributed by added sugars for rural men and women as well as urban women exceeded the 10% of TE recommended by the WHO/FAO (20) , whereas urban men approached this value. This finding showed that the nutrition transition, which has been defined as changes in dietary intakes with urbanization, economic development, and acculturation of rural populations (33) , is prevalent in rural areas of South Africa and associated with increased sugar intake.
The large increase in the percentage of rural people who consumed sucrose-sweetened soft drinks and increases in volumes consumed in all groups are of concern. Steyn et al (32) mentioned that ,3% of adolescents and adults consumed carbonated beverages in rural areas compared with 33% of adolescents and adults in urban areas. Our data showed that, at follow-up, .50% of men and women in both rural and urban areas consumed sucrose-sweetened beverages. A study (34) in South African adolescents in the Western Cape showed even higher intakes, whereby 93% of learners consumed carbonated beverages, and the mean (6SD) intake was 783 6 510 mL/d. Many factors have influenced the consumption of these beverages (10, 35) , including the availability, taste, price, marketing, peer pressure, and socioeconomic status. Clearly, to stem the rising tide of the consumption of sucrose-sweetened beverages in South Africa, a multipronged approach in different settings is indicated.
Limitations
The major potential source of bias in this study was the high proportion of subjects lost to follow-up. Compared with 2001 and 2011 censuses, characteristics of subjects surveyed in 2005 were similar to the urban and rural stratum-specific data that are available (36) . Of these 2010 subjects surveyed at baseline in 2005, 1233 subjects were resurveyed and had reliable data in 2010. Thirty percent of subjects lost to follow-up had died in the 5 y of follow-up. On the basis of a comparison of available demographic data, subjects lost to follow-up were more likely to be better educated and men, probably because this group had more opportunities for moving to another location for employment. Subjects lost to follow-up had similar energy intake, percentage of energy from added sugars, WC, and HDL cholesterol as subjects who were followed up but significant lower age, BMI, and level of education. These results suggested that subjects resurveyed in 2010 were more likely to be financially worse off than subjects who were not resurveyed and probably overestimated the effect of changing circumstances of the whole population.
Rural and urban populations were recruited to primarily allow a comparison of trends over time in these 2 communities separately. Rural areas were oversampled in this survey relative to their contribution to the national population. As a result, any overall averages, as presented in Table 5 , must be interpreted with caution. An information bias was less likely to be an issue in this study because the method used had previously been assessed for repeatability and validity in this population.
Health consequences of increased energy from added sugars
The higher HDL cholesterol and lower WC, BMI, and changes in WC and BMIs from 2005 to 2010 in this cohort who consumed ,10% of their TE as added sugars, even in the context of a prudent, low-saturated fat and high-dietary fiber diet supported the WHO/FAO recommendation (21) that added or free sugar intake should not exceed 10% of energy intake. The results of the current study reinforced the findings of a recent review that showed higher BMI in individuals who consumed more added or free sugars (6) . A recently published follow-up study in the United States has shown higher mortality from cardiovascular diseases in individuals who consumed .10% of their energy as added sugar (37) .
Is lower-added sugar intake associated with a healthier diet?
It is often mentioned (32, 34) that increased added sugar intake, also as soft drinks, replaces healthier foods and drinks in the diet and may lead to micronutrient dilution. Not all studies have confirmed this general statement. Charlton et al (36) showed this effect in elderly South African women but not men. MacIntyre et al (38) showed that consumers with higher added sugar intake had higher micronutrient intakes, probably because they ate more of all foods. However, when expressed as micronutrients per TE, men and women who consumed the most added sugars consumed less micronutrients per energy. In our cohort, low-added sugar consumers had significantly higher dietary fiber intakes. On the basis of accepted beneficial physiologic and biochemical effects of dietary fiber (39) , the diet of the lower-added sugar consumers could be regarded as healthier than that of higher-added sugar consumers. However, low-added sugar consumers reported higher alcohol intakes. It could be that they simply replaced sucrose-sweetened beverages with alcoholic and other beverages sweetened with nonnutritive sweeteners.
In conclusion, this cohort of rural and urban African men and women who were followed up for 5 y showed a dramatic increase in added sugars and sucrose-sweetened beverage consumption as well as detrimental effects of this increased consumption on several risk factors for NCDs. In addition, the study showed that the nutrition transition has reached a remote rural area in South Africa. The study gave indications that participants who consumed ,10% of their energy as added sugars had healthier diets but also higher alcohol consumption. It is recommended that part of the dietary advice to this population should be to reduce intakes of added sugars and sucrose-sweetened beverages, and active promotion programs to discourage the consumption (eg, taxation) of these beverages should form part of health interventions in South Africa.
